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INTRODUCTION
Complexes of ligands derived from 2,6-di(pyrazol-3-yl) pyridine Scheme 1) are finding increasing use [1] , in fields as diverse as spin-crossover compounds [2, 3] , dyesensitized solar cells [4] , emissive materials [5] , metal ion separation [6] and catalysis [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
In the latter regard, a particular feature of 3-bpp derivatives are their relatively acidic pyrazolyl N H groups, which are in close proximity to a coordinated metal ion. These can participate as second-sphere proton donors during catalytic reactions [11, 18] , leading to unusual reactivity towards the reduction of small molecules for example [10] . Hydrogen bonding to these N H groups could also serve to position a substrate molecule close to the metal reaction center [15, 19] .
<Insert Scheme 1 here> A reaction where 3-bpp-containing catalysts have shown promise [18] is transfer hydrogenation [20] [12] [13] [14] . A dinuclear product with deprotonated pyrazolyl groups,
Cl (Ar = aryl), was also reported in one case [16] . All these types of complex can be useful pre-catalysts for the transfer hydrogenation of ketones. )]Cl" complexes is more varied than has been reported up to now, while a preliminary survey of their activity towards transfer hydrogenation is also described.
<Insert Scheme 2 here>
EXPERIMENTAL
The syntheses of 2,6- 
) [19, 21] , 2,6-bis(5-{tert-butylamido}-1H-pyrazol-3-yl Hydrazine monohydrate (0.54 g, 10.7 mmol) was then added, and the solution was stirred at room temperature for 20 hours. The ethanol was removed, and saturated sodium carbonate solution was added to the residue. The resultant mixture was extracted with chloroform, and the organic layer was washed with brine before being dried over Na 2 SO 4 and evaporated to leave a pale yellow solid. The product was recrystallized from methanol/diethyl ether. Found 65. 7; H, 6.50; N, 24.5 (d, 7.8 Hz, 2H, Py H 3/5 ), 7.37 (t, 7.8 Hz, 2H, Py H 4 ). ) was stirred for 3 hours at room temperature. This yielded an orange precipitate, which was collected by filtration. Alternatively, the products 3-6 were soluble in the reaction mixture, and were precipated from it by careful addition of diethyl ether. In either case, the resultant solids were washed repeatedly with diethyl ether to remove excess PPh 3 , then dried in vacuo. Found C, 61.9; H, 4.80; N, 7.60; Cl, 7.38 . Diffraction data were collected with an Agilent Supernova dualsource diffractometer using either monochromated Cu-K ( = 1.54184 Å) or monochromated Mo-K radiation ( = 0.71073 Å). Experimental details of each structure determination are given in Table 1 . The structures were solved by direct methods (SHELXS97 [24] ), and developed by full least-squares refinement on F 2 (SHELXL97 [24] ).
Crystallographic figures were prepared using X-SEED [25] .
<Insert Table 1 No restraints were applied to the solvent ligands, but the refined restraints P F = 1.57(2) and trans-F...F = 3.14(2) Å were applied to the disordered anion.
Two phenyl rings on the same PPh 3 ligand are also disordered, over two equally occupied sites which refined successfully without restraints. The phenyl group disorder is driven by a close contact between C(61B) and C(61B 
Other measurements.
Elemental microanalyses were performed by the University of Leeds School of Chemistry microanalytical service. µL with a split ratio of 10. The response factors for the standard, substrate and product were calculated using an appropriate calibration for this analyser and column.
RESULTS AND DISCUSSION
The new ligand L Et,H (Scheme 1) was prepared by the usual route for 5',5''-disubstituted 3-bpp derivatives [1, 2, 26] ; that is, by a Claisen condensation of dimethyl 2,6-dipicolinate with 2 equiv butan-2-one, followed by treatment of the resultant bis- (Tables   2 and 3) . Notably, the ruthenium coordination sphere in the two structures is different; while 1·MeOH contains coordinated chloride ( Fig. 1) , this has been displaced by a water molecule in 3·H 2 O·4CDCl 3 (Fig. 2) . The complex molecules in 1·MeOH associate into centrosymmetric hydrogen-bonded dimers through N H…Cl hydrogen bonding to the chloride ligand; the Cl counterions hydrogen bond to the other pyrazolyl N H groups, and to the methanol solvent ( Fig. 1 and or another meridional tridentate N-donor ligand) [11, 21, 27] . In particular, the published structure of the same complex, 3·2CHCl 3 , has a coordinated chloride ligand [21] .
Importantly, the displacement of the chloride ligand by solvent in crystals of 3·H were treated with 2 equiv AgPF 6 to exchange the chloride ions for more weakly associating PF 6 . These reactions proved sluggish; significant chloride remained in the materials by microanalysis after reactions at room temperature, while reactions under reflux led to mixtures of products. Only one of the desired cationic products was obtained cleanly by this
Recrystallization of this material from acetonitrile/di-isopropyl ether yielded single crystals of formula
, in which some of the coordinated water in the crude material had been exchanged by acetonitrile solvent (Fig. 3) . Apart from the solvent disorder, the complex cation in the structure of 7 has a similar coordination geometry
center in 3·H 2 O·4CDCl 3 ( Table 3) . The pyrazolyl N H groups in 7 each donate weaker N H…F hydrogen bonds to a different PF 6 ion (Table 4) .
One of these anions is also disordered, with the major disorder site being positioned to hydrogen bond to the partial water ligand (Fig. 3 ).
<Insert Figure 3 here> All the complexes except 6·2H 2 O (because of its air-sensitivity) were screened for activity towards transfer hydrogenation of acetophenone to 1-phenylethanol in refluxing 2-propanol, following a protocol taken from the literature [11] . All the compounds were active although 1·H 2 O-5·H 2 O exhibited an extended induction period, only giving significant yields (52-81 %) after 24 hrs reaction with a 1 mol% catalyst loading (Table 5 ). That may indicate that the complexes themselves are inactive, but slowly decompose in the refluxing ethanol to catalytically active ruthenium nanoparticles [30] . Only 5·H 2 O gave a detectable amount of product at shorter reaction times, although reaction for 24 hrs was still required to afford a comparable yield to the other complexes. These data contrast with the literature compound
)]Cl where, under similar conditions, yields above 90 % were obtained after only 6 hrs reaction with 0.25 mol% catalyst [11] . In contrast, the activity of 7·H 2 O was much higher, with 60 % conversion being observed after 2 hrs and the reaction being almost complete after 4 hrs ( )] type [12] [13] [14] .
<Insert Table 5 here>
Three of the complexes were also screened against two other substrates with inductively donating (3,4-dimethoxyacetophenone) or withdrawing (4-nitroacetophenone) substituents (Table 6 ). Reactions with 3,4-dimethoxyacetophenone were lower yielding than acetophenone, which is consistent with some previous reports [12, 13] , but were also more rapid for two of the complexes. In contrast, 4-nitroacetophenone gave zero or trace product yields with all three of the catalysts examined.
<Insert Table 6 )]Cl [11] , however, and required a significant induction period that may indicate decomposition of the complexes in the refluxing alcohol medium [30] . The reason for this difference is unclear, but it might relate to the presence of water in the (pre)catalyst complexes. Transfer hydrogenation reactions often function well in water [20] , and the higher activity of 7·H 2 O shows that water does not poison catalysis in this system (see below).
However, the crystal structure of 3·4CDCl 3 suggests that the presence of water might promote second-sphere binding of chloride to the complex, which would then inhibit coordination of the substrate. That suggestion is supported by two further pieces of evidence. Yields by GC analysis. 
